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The presence of an excess of low energy anti protons in the primary cosmic 
radiation* - ® has given rise to a number of possible expl anations^ , some of 
which involve exotic processes such as mini black holes and extragalactic 
antiparticles. We consider here the last mentioned possibility® and show that 
there are interesting implications for the bulk of the cosmic radiation at 
higher energies. Indeed, it may be possible to account for a previously 
puzzling feature - a "bump" in the energy range lO^-io 1 ® eV - of the cosmic 
ray spectrum by hypothesizing a primary extragalactic origin for the bulk of 
the observed cosmic ray antiprotons, although such an explanation is not 
unique. In this model, most of the cosmic rays above 10*® e y are 
extragalactic. We describe a method of testing this hypothesis 
experimental ly . 

One of the most fundamental questions in cosmology is the question of the 
existence of antimatter in significant quantities in the universe. Does 
antimatter play an equal role with matter in the makeup of the galaxies? This 
question has now become a question of fundamental importance to physics as 
well. In the contemporary paradigm of grand unified gauge theories it is 
related to the question of the nature of CP violation at high energies®. 

Early attempts at constructing a baryon symmetric cosmology 7 *® suffered from 
the difficulty of providing an effective mechanism for separating matter and 
antimatter on ultimately large enough scales to be consistent with 
astronomical observations. However, recent theoretical work based on the 
concepts of grand unified theories have resulted in the development of a 
plausible baryon-antibaryon domain theory in which matter and antimatter are 
created in separate regions of survivable size to begin with^-12. Various 
observational aspects of this theory have been previously discussed*®**^ and 
the subject of baryon symmetric cosmology has been recently reviewed 
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elsewhere^’^. It should, of course, be noted that regardless of the 
ultimate fate of our present theoretical ideas either in favor of or against 
the reality of baryon symmetry on an overall universal scale, the experimental 
search for primary cosmological ly significant quantities of antimatter is a 
task of deep significance. And it can further be said that both the recent 
theoretical work and the reports by various groups of surprisingly large 
fluxes of anti protons in the cosmic radiation give immediacy to this search. 

The present status of cosmic ray anti proton measurements and the attempts 
to understand them have been recently reviewed^ and an exegesis of the primary 
extragalactic origin hypothesis has also been recently given^. We will 
discuss further implications of potential basic import to cosmic ray research 
here and we will also propose an experimental search program based on these 
considerations. We start with the hypothesis that the baryon symmetric domain 
cosmology leads to a flux of extragalactic cosmic rays consisting of roughly 
equal amounts of protons and anti protons with the sources of these cosmic rays 
being primarily active galaxies^**® a nd with helium and antihelium nuclei 
being supressed by destruction processes in these sources^. (We will also 
assume that helium and antihelium nuclei exist in the extragalactic cosmic 
rays at a lower level, supplied by leakage from normal matter galaxies and 
normal antimatter galaxies.) We further assume that the galactic wind is too 
weak to keep out the extragalactic cosmic radiation. Observations favor the 
interpretation that the galactic wind is in reality a "breeze"^. 

Let us first consider the energy spectrum of the cosmic radiation. The 
measured spectrum of cosmic radiation can be represented by a power law in 
energy of the form KE“ r with the spectral index r = 2.75 for several decades 
above the 10 GeV energy level. It appears likely that this radiation is 
produced primarily in galactic sources 20,21 # Furthermore, the source 
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spectrum of this radiation is expected to have a lower spectral index r s than 
that observed at the earth which has been steepened by energy dependent 
propagation effects. A value for r s of approximately 2.0 to 2.2 appears to be 
likely for two reasons. (1) Measurements of the ratio of secondary to primary 
nuclei in the cosmic radiation suggest that the mean lifetime in the Galaxy 
owing to trapping by the tangled galactic magnetic fields falls with energy as 
E -<s where the most recently derived value^ of 5 2 0.7. (2) The theoretical 

shock acceleration models for cosmic ray production currently favored23 
generally yield production spectra with r s close to 2. 

If we assume that there exists a general acceleration mechanism for 
generating cosmic rays which acts in both galactic and extragalactic sources 
to give a universal source spectrum with r $ * 2 , as is now thought to be the 
case with shock acceleration, then the extragalactic cosmic ray component 
should reflect this source spectrum. Thus, with the antiprotons assumed to be 
both primary and extragalactic and the bulk of the protons to be galactic, the 
expected ratio of antiprotons to protons should increase with energy as E 5 . 
Taking <5 = 0.7, antiprotons could make up approximately one per cent of the 
cosmic ray flux at an energy of - 500 GeV and even ~ 50 per' cent at higher 
energies. This has important observational implications which we will discuss 
later. The situation is indicated in Figure 1 which shows the present data on 
antiproton intensities and a theoretical extrapolation corresponding to a 
primary extragalactic antiproton flux with r = 2.0. For these considerations, 
we assume that secondary production of antiprotons is unimportant. (See, 
e.g., the estimate given in Figure 1). 

Figure 2 shows the effect of extrapolating the extragalactic intensity of 
both protons and antiprotons (this introduces a factor of two) with a spectral 
index of 2 to higher energies and superposing it on the galactic cosmic ray 
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spectrum with index r = 2.75. Note that such an extrapolation implies that 
the extragalactic and galactic cosmic ray fluxes become comparable at an 
energy of about 10® GeV and that extragalactic particles predominate above 
this energy. It is interesting to note that the resultant flattening in the 
spectrum occurs at this particular energy where there have been claims^ of a 
flattening in the cosmic ray spectrum as inferred from measurements of 
extensive air showers. It should, of course, be noted that a steepening in 
the spectra of both the galactic and extragalactic components would be 
required by the observations for energies above 10® GeV, but this is not 
difficult to explain. 

Since our model indicates that the antiproton-to-proton ratio should 
which increase with energy, measurements of the sign of the charges of cosmic 
rays at the highest practical energy and the determination of the spectra of 
the various charged components of the cosmic radiation up to that energy will 
provide a test of our hypothesis. Such a test requires the placement of the 
experiment above the atmosphere so that the incoming cosmic ray nuclei can be 
measured directly. Furthermore, the sign of their charges (and magnitude) may 
be measured by use of a superconducting magnet. Such an experiment, with an 
attainable energy of about 500 to 1000 GeV, could be flown aboard a space 
shuttle^®. In addition, an emulsion stack experiment could be flown on a high 
altitude balloon or on the space shuttle to look for antihelium nuclei, even 
at the reduced level implied by our hypothesis. A polar or near polar orbit 
.- would t>e desirable to avoid the geomagnetic cutoff. In view of the almost 
impossible odds of creating a secondary ^He antinucleus, the unambiguous 
detection of even one such particle would provide irrefutable evidence of 
primary cosmic ray antimatter. (It should also be noted that the production 
of 100-300 MeV antiprotons is extremely difficult because of well-known 
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kinematical factors^. This feat has proved elusive even to accelerator 
physicists who have deliberately set out in the laboratory to make such 
particles (C. Rubbia, private communication). Thus, the observed low-energy 
antiprotons in the cosmic radiation are also quite difficult to explain as 
secondaries from cosmic-ray interactions.) 

The experimental program proposed above will add importantly to our basic 
understanding of p origin. If the p/p ratio is observed to increase as or 
thereabouts, then our hypothesis of extragal actic antiprotons from antimatter 
galaxies will have very strong support. The observation of antihelium nuclei 
would, as already mentioned, provide certainty. The extent to which non-observation 
of antihelium disproves our hypothesis is unclear, but if a/a « 10"^ 

(the value expected very approximately on the basis of a's leaking from 
"normal" antimatter galaxies) then the difficulty would be severe. 

Non-observation of antihelium (at the level given above), together with 

r 

an increase in the p/p ratio with energy at a slower rate than E 
(e.g. a e 0,25 between 10 and 100 GeV) , would be consistent with the closed 
galaxy model (or source trapping), although there are severe theoretical 
problems^* 2 ^ with such a model. 

Finally, the observation of a p/p ratio falling rapidly with increasing 
energy would give support to the black hole model of Kiraly et al. 2 ^ (see Fig. 

1 ). 
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. Figure Captions 

Figure 1. Observations and theoretical p spectra. The data points are: B- 

from Buffington et al . (Ref. 3), Bo-from Bogomolov, et al . (Ref. 2) 
and G- from Golden, et al . (Ref. 1). The higher points marked B 
take account of solar modulation effects (Ref. 26). The solid 
curve (S) is for secondary p production model with mean propagation 
length 5 g cm" 2 and the dashed line corresponds to the shape of 
the p spectrum calculated for a primordial black hole model (Ref. 
26). The higher solid line corresponds to our spectrum for the 
extragalactic primary hypothesis as discussed in the text. 

Figure 2. The effect of extragalactic primary protons and antiprotons on the 
total cosmic ray spectrum according to the model discussed in the 
text. It can be seen that this model may account for the putative 
flattening in the observed cosmic ray spectrum near 10 14 eV. 
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